Abstract. This paper presents of the influence on vibration of Co28Cr6Mo medical alloy machined on a CNC lathe based on cutting parameters (rotational speed, feed rate, depth of cut and tool tip radius). The influences of cutting parameters have been presented in graphical form for understanding. To achieve the minimum vibration, the optimum values obtained for rpm, feed rate, depth of cut and tool tip radius were respectively, 318 rpm, 0.25 mm/rev, 0.9 mm and 0.8 mm. Maximum vibration has been revealed the values obtained for rpm, feed rate, depth of cut and tool tip radius were respectively, 636 rpm, 0.1 mm/rev, 0,5 mm and 0.8 mm.
Introduction
Vibration is a repetitive, periodic, or oscillatory response of a mechanical system. The rate of the vibration cycles is termed "frequency." Repetitive motions that are somewhat clean and regular, and that occur at relatively low frequencies, are commonly called oscillations, while any repetitive motion, even at high frequencies, with low amplitudes, and having irregular and random behavior falls into the general class of vibration [1] .
In a machining operation, vibration is problem. Vibration affects the machining performance and in particular, the surface finish and tool life. In all the cutting operations like turning, drilling and milling, vibrations occur in the machining due to a dynamic motion between the cutting tool and the work piece.
The vibration which occurs in most machines, vehicles, structures, buildings and dynamic systems is undesirable, not only because of the resulting unpleasant motions and the dynamic stresses but also because of the noise produced. Noise is generally considered to be unwanted sound, and since sound is produced by some source of motion or vibration causing pressure changes which propagate through the air or other transmitting medium, vibration control is of fundamental importance to sound attenuation. Vibration analysis of machines and structures is therefore often a necessary prerequisite for controlling not only vibration but also noise [2] , [3] .
Vibration control system for turning operation uses a closed-loop feedback circuit which measures the relative vibration between the cutting tool and the work piece [4] . There have been many investigations on vibration prediction and controlling based on periodic measurements of various machining conditions using accelerometer and active vibration controller.
Two generic techniques used for solving these vibration control problems are modifying stiffness or the fundamental natural frequency of the specified components/subsystems, and their damping [5] .
There have been many investigations on vibration prediction and control in turning. An integrated vibration avoidance and contouring error compensation algorithm is used for multi-axis CNC machine tools [6] . They developed an integrated method which shapes the trajectory commands in such a way that they do not excite the structural modes.
Based on active and passive damping treatments, different models are developed to avoid the machine tool structure vibrations. A computational-theoretical model was developed to represent a structural system with Coulomb damping having two degrees of freedom [7] . Approximately 85 percent of the passive damping treatments in actual applications are based on viscoelastic materials [8] . They worked on the cutting tool vibrations and control of cutting tool vibration using a damping pad made up of neoprene.
Devin and Osadchii [9] proposed a new tool design with an increased vibration-damping ability, which includes special elements made of damping materials to reduce vibration amplitude and surface roughness.
The cutting-force based vibration analysis can be done to ascertain the effect of the tool entering angle on tool vibration and tool life in a titanium alloy milling operation [10] . The vibration signals of carbide tool are monitored with the help of accelerometer and these signals then send to data acquisition system and a portable computer. The main purpose of this vibration analysis is to find the features revealing tool wear. Wavelet Packet decomposition is used to find out feature frequency band which reveals tool wear. The high degree of correlation between selected band energy, energy entropy, time-domain features and tool wear are observed. Hence, it shows the effectiveness of the proposed model that facilitates machine performance and reliability estimation in terms of tool life and tool wear.
The excessive wear on cutting tools leads to distortions in dimension of manufactured components. At the same time it increases scrapped levels thereby incurring additional costs. Therefore, it is crucial to detect and monitor the wear on a cutting tool in most metal cutting processes and several research efforts have done to develop on-line tool condition monitoring systems. In online metal cutting tool condition monitoring, the cutting force (Static and Dynamic) analysis and vibration analysis is done for tool wear monitoring [11] . The main purpose of this study was to develop a Tool Condition Monitoring System based on analytical modelling of online sensor signals. The results shows that the cutting forces in Z-direction and the vibration signatures were most sensitive to tool wear.
Puertas [12] state vibration can be measured in terms of peak acceleration, r.m.s value of velocity, peak to peak displacement. Ghani [13] presented a study of tool life, surface finish and vibration, while turning nodular cast iron using ceramic tool. They found that surface finish was to be almost constant with the progression of the flank wear under different cutting conditions Bonifacio [14] presented a study on correlating tool wear, tool life, surface roughness and tool vibration in finish turning with coated carbide tools. They concluded that the feed didn't influence the vibrational signal and had a little effect on surface roughness. Thomas [15] studied the effect of tool vibration on surface roughness during lathe dry turning process on mild carbon steel samples at different levels of speed, feed, depth of cut, tool nose radius, tool length and work piece length. Safeen [16] studied the effect of cutting tool vibration on surface roughness of work piece in dry turning operation .The surface roughness of the work piece is proportional to cutting tool acceleration. This effect interact with other independent variable such feed rate, depth of cut, speed. Surface roughness of work piece increases parallel to the tool vibration with increasing tool over hang.
Ahmed Syed Adnan and Sathyan Subbiah [17] have observed reduction in cutting forces and feed forces when transverse vibrations are applied. Chip thickness is also reduced and surface finish is improved upon application of vibration. This study investigates vibrations that are applied along the cutting edge and perpendicular to the cutting velocity.
Chen et al. [18] have present on reliability estimation for cutting tools based on logistic regression model using vibration signals. The three steps of new reliability estimation approach for cutting tools are as follows. First, on-line vibration signals of cutting tools are measured during the manufacturing process. Second, wavelet packet (WP) transform is employed to decompose the original signals and correlation analysis is employed to find out the feature frequency bands which indicate tool wear. Third, correlation analysis is also used to select the salient feature parameters which are composed of feature band energy, energy entropy and time-domain features. Finally, reliability estimation is carried out based on logistic regression model. The approach has been validated on a NC lathe. Under different failure threshold, the reliability and failure time of the cutting tools are all estimated accurately.
Wang et al. [19] have present on a theoretical and experimental investigation of the tool-tip vibration and its influence upon surface generation in single-point diamond turning (SPDT). In the present study, two characteristic peaks (twin peaks) are identified and found to be corresponding to the tool-tip vibrations by power spectrum density (PSD) analyses. The vibrations possess the features of small amplitude but high frequency. A physical model is proposed to capture the dominant factor based on the characteristic and it reveals that the twin peaks are attributed by the impact between the tool tip and workpiece and the process damping effect. Hence, a geometric model of surface roughness is proposed to take account of tool-tip vibration and it is verified through a series of experiments.
Marcus et al. [20] have studied the vibration reduction using passive absorption system with Coulomb damping. This research aims at investigating the possibility of using the Coulomb damping, mainly to lessen they vibrations of structures submitted to human loadings. The great advantage in using this type of damping is that we can easily obtain high levels of damping with values well controlled and adjusted to the need of the project. A computational-theoretical model was developed to represent a structural system with Coulomb damping, containing two degrees of freedom. In order to calibrate this model some experimental tests were carried out with a cantilever beam. A parametric study was performed after the theoretical-computational model had been adjusted. The results indicate that the system is only applicable to some situations, and care should be taken in the design.
Prediction of optimum cutting parameters and operating conditions for the annealed Co28Cr6Mo ASTM F 1537 steel that has low machinability, high mechanical properties, is resistant against corrosion and temperature and generally used as prosthesis in medical field is considered as a significant problem that needs to be tackled by the manufacturing experts in the related field. In this study involves the influence of rotational speed, feed rate, depth of cut and tool tip radius on vibration was determined during machining of Co28Cr6Mo medical alloy. A computer numerical controlled (CNC) machine is used for machining Co28Cr6Mo medical alloy in the present study.
Machining conditions and vibration measurements
In the experimental study an annealed Co28Cr6Mo ASTM F 1537 steel having hardness of 40 HRC was used. The specimen with dimensions of Ø50x500 mm was prepared. Turning process was carried out on a TC25-L type Sogotec CNC lathe and vibration values were measured on a Kistler 8692C50 model accelerometer and Kistler 5134 B Charge Amplifier device. The tests were conducted under dry machining conditions and in every test a new cutting bit was used to machine longitudinally along the work-piece. The tool holder used was MTJNR- Table 1 and the experimental set up is shown in Fig. 1 .
In this study, a total of 81 physical experiments were conducted. The first parameter column of the table shows the rpm (n), the second column gives feed rate (f), the third column is for depth of cut (a) and the last column lists the tool tip radius (r) 
Conclusion
Vibration usually decreases with increase in tool tip radius. The minimum value of vibration obtained is 9.38 mV/g at n= 318 rpm, f= 0,25 mm/rev, a= 0,9 mm and r= 0.8 mm. Maximum value of vibration is 93.15 mV/g at n= 636 rpm, f= 0,1 mm/rev, a= 0,5 mm and r= 0.8 mm The relationship between cutting speed and vibration is inversely proportional. Generally, increasing the cutting speed decreases the vibration. The relationship between feed rate and vibration is proportional. Generally, increasing the feed rate increases the vibration. The relationship between depth of cut and vibration is proportional. Generally, increasing the depth of cut increases the vibration. The relationship between tool tip radius and vibration is inversely proportional. Generally, increasing the tool tip radius decreases the vibration. For example, in Graphs of Vibration for n=477 rpm, f= 0,15 mm/rev n = 477 rev/min, f = 0.15 mm/rev, and a = 0,5 mm, tool tip radius of the tool was decreased, value of vibration was suddenly decreased. n = 477 rev/min, f = 0.15 mm/rev, and a = 0,7 mm, tool tip radius of the tool was decreased, value of vibration was decreased. n = 477 rev/min, f = 0.25 mm/rev, and a = 0,9 mm, tool tip radius of the tool was increased 0.4 to 0.8 mm, value of vibration was suddenly decreased; tool tip radius of the tool was increased 0.8 to 1.2 mm, there was increased in value of vibration.
